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Lead and cadmium was determined in whole blood samples obtained from 473 nonoccu- 
pationally exposed adult persons in Sweden in 1980. Analyses were performed using atomic 
absorption spectrophotometry equipped with an electrothermal atomization unit. Accuracy 
of the analysis was confirmed by the analysis of quality control samples. Blood lead con¬ 
centrations were shown to be significantly influenced by sex. smoking habits, and alcohol 
consumption. Current' male smokers had a median blood lead level of 92 jws Pb/Utcr, as 
compared to 77 ^cg Pb/lixer for nonsmokers. For females the corresponding values ware 69 
Hit Pb/liter and 57 pig Pb/lftcr for current smokers and nonsmokers, respectively. Highly 
Significant correlations were found between stated alcohol consumption and blood lead in 
most of the different sex and smoking categories. People living in apartments close to streets 
with heavy traffic in Stockholm had slightly, but not significantly, higher blood lead levels 
when compared to people living in areas of this city with low traffic density. Blood cadmium 
levels were very strongly affected by smoking habits. A significant correlation existed be¬ 
tween the number of cigarettes consumed daily and blood cadmium concentration. The 
median blood cadmium level for nonsmoking males was 0.2 MS Cd/liter («0.2, detection 
limit) and for females 0.3 fxg Cd/litcr. About 90% of all nonsmokers had cadmium concentra¬ 
tions in blood below 0.6 /ig Cd/liter. whereas about 90% of the current male and female 
smokers had cadmium concentrations in blood of-0.6 fig Cd/liter or more. 


INTRODUCTION 

A number of studies have been published during the last 20 years presenting 
! data on average or “normal'’ levels of lead and cadmium in blood samples from 
people in the general population in various countries. When comparing such data 
i frequently finds substantial differences in the results submitted by the various 

f groups of investigators. These discrepancies are not wholly real, but are rather the 
result of shortcomings in sampling and analysis. Indeed, interlaboratory compari¬ 
sons fe,g r , Browne ei a/., 1974; Lauwerys^: al., 1975; Paulev et al., 1918; Boone 
fa/.. 1979) have shown that different laboratories can obtain quite disparate 
pesuins when analyzing the same sample. Most of the results from published re¬ 
imports cannot readily be compared. The difficulties and problems involved in ob¬ 
taining accurate results which lend themselves to comparison with results ob¬ 
tained by other laboratories have been recognized by several international organi- 
. rations, e.g., the World Health Organization and the International Atomic Energy 
Agency. An ambitious quality control program with the object of ensuring analyt- 
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3 

icai validity and comparability was therefore included in a recently concluded ■ 
program on the assessment of human exposure to lead and cadmium through 1 
biologies! monitoring. The program was organized by the UNEP/WHO. In the! 
program, lead and cadmium were determined in biood samples taken from 
nonoccupationally exposed persons in It) participating countries (Vahter, 1982: 
Friberg and Vahter, 1983). The present report gives a more detailed description of 1 
the Swedish data which were obtained in collaboration with the UNEP/WHO 
study. 

The prime objective of the work was to obtain background levels of lead and - 
cadmium in blood samples taken from the general population of Sweden in the 
early 1980s. By performing similar studies in die future, it will be possible la 
conclude whether the degree of environmental exposure to lead and cadmium has <i 
changed over time. It has been suggested that the introduction of coal-fired power | 
plants in Sweden could give rise to increased environmental exposure to cadmium ' 
(Sol), 1977), even though other emission sources of cadmium are probably more '■ 
important. With regard to lead, a major part of the atmospheric emission in Swe-: 
den comes from the use of leaded gasoline. In Sweden, the maximum permissible 
concentration of lead in gasoline in 1981 was lowered from 0.4 to 0.15 g/liter and j 
therefore a decrease in the degree of environmental lead exposure is expected. In J 
order to make it possible to consider changes in the analytical procedures that are j 
likely to take place in the future, each blood sample was subdivided into five i 
portions. Two portions were analyzed, and the remaining three portions were i 
stored in a -20°C freezer. In addition to whole blood, samples of plasma, red ij 
blood cells, hair, and urine were obtained from each participant. These additional - 
biological samples have also been preserved as future reference materials to be ] 
used within Sweden or in international comparisons. About 200 urine samples 'j 
have also been analyzed for cadmium concentration. These results will be pre- 'i 
sented in a separate paper (Jawaid et at., 1983). r 

Another objective of the present study was to analyze to what extent constitu- if 
tional and environmental factors influence blood lead and cadmium concenlra- J 
tions. In earlier investigations smoking habits as welt as alcohol consumption were | 
shown to influence blood lead levels of “normal” subjects (Grandjean el ill., 1981; | 
Sharper et a!., 1982). Smoking has also been shown to markedly affect blood ii 
cadmium levels (Ulander and Axelsson. 1974; Vahter, 1982). Earlier publications j 
have mainly given qualitative data, for example showing that smokers as a group | 
on an average have higher blood cadmium levels when compared to nonsmnkers. = 
In this report quantitative data are given as well. Constitutional factors which 3 
have, been recorded in this study were sex and age, whereas environmental factors | 
were smoking habits, alcohol consumption, and proximity to streets with heavy Ij 
traffic. 

It was necessary to ascertain that our results should be comparable with results 
obtained by investigators in other countries using quality control assurance pro¬ 
grams. The accuracy of the analytical methods used was therefore repeatedly II 
confirmed by analyzing external quality control samples obtained from the 
UNEP/WHO program. | 


LEAD AND CADMIUM IN BLOOD ZJ - 1 

MATERIALS AND METHODS 

Examined Populations 

i Blood samples were obtained from four groups, all including males and females. 
The persons were aged between 19 and 72 and living in two cities in Sweden 
(Stockholm and VasterSs). The first group (« = 212, males 104 and females 108) 

| were randomly selected from about 162,000 persons living in the center ol Slutk- 
II holm. The second group (n = 50, males 25 and females 25) were randomly 
| selected from people living in the central part of Vasterds. Stockholm is the largest 
| city in Sweden with a total population of about l million, when adjacent townships 
f and suburbs are included. Vasterds is a moderately industrialized city with a total 

! » population of about 45,000. Neither Stockholm nor Vasterds have any major lead¬ 
using industries and most of the lead emissions to the atmosphere come from the 
use of leaded gasoline. The third and fourth groups comprised people living in 
5 the central part of Stockholm. The third group (n - 111, males 48 and females f>3) 
was selected from people living in apartments having at least one window facing a 
§ street with heavy traffic. The apartments were located at most three stories from 
\ ground level. Streets where the public health authorities of Stockholm have esti- 
] mated that an 8 -hr threshold limit for ambient CO (10 mg/nr) may occasionally be 
d exceeded were considered as high traffic density streets for the purposes of this 
r Study. Actual measurements of CO have been made in only a few ot these streets. 

Most Of the streets selected for the heavy traffic density group had a yearly 
I average exceeding 6000 vehicles/24 hr. The fourth group included persons (« - 
| ( 00 , males 49 and females 51) living in streets with loss than 2000 vehicles passing 
through every day, usually well below 1000. For Stockholm it was previously 
§ shown that there was a positive correlation (r - 0 . 88 ) between maximum CO 
t levels in air and ambient concentration of lead (Miljd- nch hSlsoV&rdsfdr* 

11 valtningen, 1981). It can therefore be assumed that people living close fo streets 
j! with heavy traffic (group 3 ) were exposed to higher levels of atmospheric lead, 

! when compared to people living in low traffic density areas (group 4). at (east 
I during the time they spent in their homes. The average content of airborne lead in 
if 13 streets with heavy traffic in Stockholm was measured in 1980. Airborne lead 
j concentrations were found to range from 0.3 to 2.0 //.g Pb/m\ There was only one 
| average concentration exceeding I /xg Pb/m 3 (Miljd- och hii!sov<irdsf(>rvultiiingeu, 
11981). 

ii Each participant received a detailed mailed questionnaire before he/she came to 
j our laboratory, where the biological samples were taken. The questionnaire in- 
l eluded questions about smoking habits, drinking habits, residence, occupation, 
5 diseases, etc. In conjunction with the collection of the biological samples each 
participant was individually interviewed regarding essentially the same questions 
j that had formerly been included in the postal questionnaire. When comparing the 
\ answers in the questionnaire and the individual interview, it turned out that the 
'i interview gave more precise and detailed information about smoking and drinking 
*! habits, and therefore the latter information has been used in this report. The 
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participation rate of the persons primarily selected for groups 1,2, 3, and 4 was 80, 
68, 79, and 73%, respectively. ; 

A more detailed description of the examined group, and of the methods used for' 
selection of the participants will be given in a later report by Sdrenseti et al. (1983). 

Collection of Samples 

About 10 ml blood were collected in green stoppered Venoject evacuated blood 
collection tubes, T-200KA, each containing about 140 units of sodium heparin 
(Terumo Corp., Japan), The preinjection disposable swabs (Medi-Swab) used for I 
washing the skin before drawing blood were acquired from Medi-Pack Ltd., Sur¬ 
rey, U.K. Immediately after drawing, the blood was mixed with heparin by in¬ 
verting the tube gently five to six times. The total number of blood samples 
collected in this way was 475- Two of the blood samples were not analyzed further 
because the persons had previously suffered from hepatitis. Remaining 473 blood 
samples were subsequently subdivided by transferring into acid-washed Eppen- 
dorf tubes (capacity 1.3 ml) using an acid washed Pasteur pipet. Two of the 
Eppendorf tubes were immediately centrifuged to separate plasma from red blood 
cells. The plasma was transferred into new tubes. In this way a total of nine 
Eppendorf tubes, Five of whole blood and two each of plasma and red blood cells, 
were collected from each person. All samples were coded and stored in a freezer 
at -2(FC. The samples were collected at our institute between April and October. 
1980. Concomitantly samples of hair and urine were collected from each partici¬ 
pant. Hair samples were taken from the neck close to the scalp, using a pair of 
scissors, placed in small plastic bags, coded, and stored at room temperature in a 
cupboard. Urine was collected in an acid-washed polyethylene flask of 250-m! 
capacity. A small amount (about 10 mg) of sodium azide was added to each flask 
to prevent bacterial growth. The collected samples were portioned for metal 
analyses, creatinine determination, and reference bank, coded, and stored in a 
freezer at -20°C. 


LEAD AND CADMiUM IN BLOOD 



B-Pb ((Ja/ll 

Fro. L Qualify control of lead analyses in wliolc blood. Reference concentration (figllitcr) on rbe 
j-axis and our own results on the v-nxis. Dotted lines indicate acceptance intercede established in the 
UNEP/WHO study (Valuer. 19R2> 

a very low initial concentration of lead and cadmium (about 25 pg Pb/Iiter and 0.2 
PS Cd/liter, respectively). 

Quality Control 

The accuracy of the methods was confirmed on several occasions before and 
during the monitoring by using internal quality control (1QC). as well as external 
quality control (EQCI samples. Both the internal and external QC samples were 
prepared at this institute for the UNEP/WHO program. The concentrations of lead 
and cadmium in the IQC samples were known to the analysis, whereas the con¬ 
centrations in Lite EQC samples were not. The QC samples were prepared by 
spiking cow blood, which had a veTy low background concentration of lead and 
cadmium. Figures 1 and 2 present results of five different EQC runs, each includ- 


Metal Analysis 

Lead and cadmium were determined by atomic absorption spectrophotometry 
(AAS) using a Perkin-Elmer 373 equipped with an electrothermal atomization 
(ETA) unit (HGA-500), an automatic sample injector (AS-J or AS-40), a printer 
(PRS-10), and a two-pen recorder (Model 56). The sample treatment was per¬ 
formed according to a method primarily described by Stoeppler et al. (1978) and 
Stoeppler and Brandt (1980), slightly modified by Lind (to be published). The 
stored heparinized sample of whole blood (0.3 ml) was deproteinized by the addi¬ 
tion of 0.5 m! of 0.8 M nitric acid. The sample was shaken thoroughly and kept 
overnight at a temperature of about 5°C. The following day the samples were 
mixed again, and subsequently centrifuged for 5 min at 11,500 rpm in an Eppen¬ 
dorf centrifuge (Model 5413). The supernatant was analyzed by ETA-AAS for lead 
and cadmium. Calibration solutions were prepared by the addition of known 
amounts of lead and cadmium to blood from cows. The blood from cows contained 


B-Cd( M /l) 

Pro. Z. Quality control of cadmium analyses in whore blood. Reference concentration Qiglllter) on 
the x-axis and our own results on the y-axis. Dotted tinea indicate ncceplunce intervals established in 
the UNEP/WHO study (Vahter, 1982) 
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ing six samples for lead and cadmium, respectively. The '‘true" values are given 
on the x-axis and our results an the y-axis. For details on QC procedures and for 
acceptance and rejection of results, see the UNEP/WHO report (Valuer, 1982). 

RESULTS 

Detailed information about smoking habits was obtained from 470 of the partici¬ 
pants. Three subjects did not state their smoking habits. A total of 164 persons, 69 
males and 95 females, were classified as nonsmokers, i.e., they had smoked less 
than 10 packs of cigarettes in their whole life. A total of 111 persons, 63 males and 
48 females, were classified as former smokers, i.e., they had quit smoking at least 
2 weeks before sampling. Another 173 subjects, 74 males and 99 females, were 
current cigarette smokers. Twelve males and 1 female smoked a pipe, I man 
smoked cigars, and I female smoked cigarillos. Seven persons had multiple 
smoking habits. With regard to alcohol consumption all participants were asked 
how often they consumed beer (not including Swedish light beer, i.e., beer con¬ 
taining not more than 1.8% alcohol by weight), wine and spirits, and also about the 
average amount of these beverages normally consumed on each occasion. In 
Sweden the average alcohol content of common beer (not including light beer) is 
36 g pure ethanol/liter, in wine 100 g/liter, and in spirits 300 g/fiter (Vin- och 
Spritcentraien, 1982). Based on these data tire average daily consumption of pure 
ethanol could be estimated for each person. The overall average daily alcohol 
consumption for the whole group was 7.8 g of ethanol. Males stated that they 
consumed almost three times the amount of alcohol, 11.5 glday compared to 
females, 4.4 g/day. There were also substantial differences between different 
smoking categories. Nonsmoking males and females on an average consumed 7.1 
and 3.0 g ethanol daily, respectively, whereas current male and female smokers 
reported an average consumption of 14.2 and 6.2 g of ethanol daily. Former 
smokers reported intermediate consumption of alcohol. 

Lead 

In all, 473 samples were analyzed, showing lead concentrations ranging from II 
to 267 tig Pb/liter. The overall average lead concentration was 79 ns Pb/Iiter. No 
one in tiie examined groups had any known occupational exposure to lead, and 
therefore these data should reflect the background environmental exposure in 
Sweden. Both sex and smoking habits significantly influenced the blood lead 
levels. Figures 3 and 4 present the frequency distribution for lead in blood among 
current smokers, former smokers, and nonsmokers, males and females, respec¬ 
tively. It is evident that smokers have higher blood lead levels, when compared to 
nonsmokers, and also that males have higher blood lead levels, when compared to 
females. As can be seen in Figs. 3 and 4, the frequency distribution for lead in 
human blood does not follow a normal frequency distribution pattern. Therefore, 
it is more appropriate to use median values or geometric means. The median blood 
lead levels for male current smokers, former smokers, and nonsmokers were 92, 
85, and 77 jug Pb/fiter, respectively. For females the equivalent levels were 69, 56, 
and 57 jug Pbditer, respectively (Table I). Age did not influence the blood lead 
levels in any systematic way. When correlations between blood lead concentra- 
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Fio. 3. Frequency distribution of different blood lead concentrations (fig PWt'Ier) a™™E nonsmuk- 
ers, former smokers, and current smokers. Males. 

tions and age among different smoking categories of males and females were 
calculated, no significances (P > 0.11 were obtained. There were, however, differ¬ 
ences between smokers and nonsmokers in all age groups, nonsmokers usually 
having 5-20 ns lead less per liter of blood (Table I), Figure 5 presents the median 
blood lead level in different smoking categories for the whole population exam¬ 
ined, groups 1-4. 
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TABLE t 

Median Blood Lead Concentration (/ng Pb/liter) in Different Age, Sex, and Smoking Categories of Groups 1, 2, 3,4, and Total 1-4 


to 


£ 



, P (l) Random Stockholm (2) Vasteris (3) High Stockholm 

smoking___ 


Age 

habits 

Males 

Females 

All 

Males 

Females 

All 

Males 

Females 

All 

19-35 

Non 

?5/< 16)“ 

57/(8) 

72/(24) 

83/(7) 

_ 

83/(7) 

72/(4) 

62/(4) 

64/(8) 


Former 

88/(10) 

49/(6) 

73/(16) 

67/(1) 

45/(0 

56/(2) 

102/(5) 

62/(7) 

70/(12) 


Current 

92/06) 

68/(22) 

84/(38) 

66/(2) 

54/(3) 

60/(5) 

100/(8) 

68/(8) 

78/(16) 


Total 

88/(42) 

64/(36) 

78/(78) 

72/(10) 

50/(4) 

72/(14) 

97/(17) 

mm 

74/(36) 

36-55 

Non 

86/(10) 

65/(12) 

71/(22) 

_ 

39/(5) 

39/(5) 

94/(6) 

62/(8) 

80/(14) 


Former 

81/(6) 

56/(7) 

66/(13) 

77/(3) 

55/(3) 

62/(6) 

71/(3) 

47/(1) 

60/(4) 


Current 

87/(9) 

103/(7) 

88/(16) 

88/(3) 

66/(3) 

79/(6) 

112/(5) 

82/(12) 

106/(17) 


Total 

85/(25) 

66/(27) 

74/(52) 

82/(6) 

50/(11) 

58/(17) 

94/(14) 

65/(22) 

81/(36) 

56—72 

Non 

6S/(4) 

56/(25) 

57/(29) 

74/(2) 

50/<« 

52/® 

102A2) 

72/(81 

72/(10) 


Former 

86/(15) 

76/(6) 

84/(21) 

58/(0 

45/(1) 

52/(2) 

97/(7) 

42/(7) 

74/(14) 


Current 

S0/(l8> 

89/(13) 

88/(31) 

88/(6) 

45/(3) 

68/(9) 

84/(8) 

79/(7) 

79/115) 


Total 

74/(37) 

66/(45) 

68/(82) 

80/(9) 

45/(lQ> 

58/(19) 

93/(17) 

68/(22) 

76/(39) 

19-72 

Non 

76/(30) 

58/(45) 

66/(75) 

83/(9) 

42/(11) 

56/(20) 

87/(12) 

64/(20) 

72/(32) 


Former 

36/(31) 

64/(19) 

72/(50) 

67/(5) 

55/(5) 

58/(10) 

93/(15) 

50/(15) 

71/(30) 


Current 

90/(43) 

78/(42) 

87/(85) 

80/(11) 

54/(9) 

69/(20) 

99/(21) 

73/(27) 

81/(48) 


Total 

86/(104) 

65/(108) 

73/(212) 

77/(25) 

45/(25) 

64/(50) 

94/(48) 

64/(63) 

76/(111) 


ngu.mfmhl.riii.. m 


■iiic ttwnmitminTHTrnTTfUua 

wswjwpf 
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A£C 

Croup 

smoking 

habits 

(4) Low Stockholm 


Total 1-4 


Males 

Females 

AH 

Males 

Females 

All 

19-35 

Non 

65/(7) 

48/(5) 

56/02) 

75/(34) 

56/(17) 

717(51) 


Former 

67/(2) 

50/(4) 

59/(6) 

84/(18) 

51/(18) 

68/(36) 


Current 

90/(6) 

68/(10) 

75/(16) 

92/(32) 

68/(43) 

78/(75) 


Total 

74/(15) 

56/09) 

67/(34) 

86/(84) 

62/(78) 

72/(162) 

36-55 

Non 

87/(5) 

59/(7) 

66/C12) 

90/(21) 

60/(32) 

63/(53) 


Former 

90/(4) 

74/(2) 

88/(6) 

80/06) 

56/03) 

69/(29) 


Current 

121/(8) 

63/(7) 

90/(15) 

97/(25) 

69/(29) 

88/(54) 


Total 

99/(17) 

62/( 16) 

86/(33) 

89/(62) 

63/(76) 

74/(138) 

56-72 

Non 

62/(6) 

57/(7) 

61/03) 

62/(14) 

56/(46) 

60/(60) 


Former 

74/(6) 

57/(3) 

73/(9) 

917(29) 

63/(17) 

72/(46) 


Current 

123/(5) 

77/(6) 

80/(11) 

88/(37) 

79/(29) 

80/(66) 


Total 

72/(17) 

60/06) 

67/(33) 

76/(80) 

62/(93) 

69/(173) 

19-72 

Non 

64/(18) 

57/09) 

59/(37) 

77/(69) 

57/(95) 

63/(164) 


Former 

74/( 12) 

57/(9) 

69/(21) 

85/(63) 

56/t48) 

70/(111) 


Current 

108/(19) 

68/(23) 

77/(42) 

92/(94) 

69/(101) 

80/095) 


Total 

78/(49) 

59/(51) 

68/000) 

86/(226) 

63/(247) 

72/(473) 


<> Values are expressed as median value/(number of persons in the subgroup). 
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Fig. 5. Median blood lead levels (/eg Pti/liter) among males and females in different smoking 
categories, Vertical bars denote the 90-percentlles. NS nonsmokers; FS = former smokers; CS, 
1“ Id — current smokers, smoking 1 — 10 cigarettes daily; CS, 11-20 “ current smokers, smoking 
11-20 cigarettes daily: CS, >20 - current smokers, smoking more than 20 cigarettes daily, 




Median blood lead levels in different age and smoking subgroups of groups 1-4 ij 
are given in Table 1. In most comparisons, group 3, which consisted of people j 
living dose to streets with heavy traffic in Stockholm, had slightly higher blood j 
lead levels when compared to the other three groups. The difference in blood lead 1 
was most pronounced when group 3 was compared to group 4, the latter group j 
comprised people living in areas of Stockholm with a relatively low traffic | 
density. The homologous subgroups of group 3 fhigh traffic density) were tested i 
against group 4 (low traffic density) using Wilcoxon's rank sum correlation. For 1 
example, nonsmoking males of age 19-35 in group 3 were tested against the J 
identical age and smoking subgroup of group 4. Out of a total of 24 statistical | 
comparisons being made (two sexes x three smoking categories x four age ; 
groups), only three turned out to be significant. Thus there was no consistent j 
statistically significant difference in blood lead levels between the two groups, \ 
even though group 3 tended to have somewhat higher blood lead levels, The 1 
comparison between different subgroups of nonsmokers is of great interest since ■[ 
nonsmokers can be regarded as the most homogeneous of the different subgroups. ? 
Among current smokers, for example, the extent of smoking within the subgroups jj' 
may affect the median blood lead concentration in such a way that the differen! j 
subgroups are not really comparable, ij 

Apart from sex and smoking habits, alcohol consumption significantly infill- f 
enced the blood lead concentration. A highly significant correlation existed be- a 
tween estimated alcohol consumption and blood lead levels in five of the six 1 
different sex and smoking categories given in Table 2. The only category that did | 
not show any significant correlation between alcohol consumption and blood lead q 
was tiie female former smoker group. The high correlation coefficient between | 
blood lead and stated alcohol consumption for nonsmokers, r = 0.51 and r = 0.321 
fur males and females, respectively, indicates that the association between alcohol | 
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Fig. 6- Median blood lead concentration (fig Pb/Jiler) in relation to alcohol consumption. Vertical \ 
bars denote the 90-percentiles. : 


and lead is not secondary to the varying smoking habits in the different subgroups. 
As shown in Table 2, there is also a high correlation coefficient between estimated j 
wine consumption (as g ethanul/day) and blood lead. A significant correlation t 
existed also between reported consumption of spirits, or beer, and blood lead, but J 
these correlation coefficients were not as high as the ones for total alcohol or wire j 
consumption, J 

Figure 6 illustrates the relation between alcohol consumption and blood lead I 
concentration for males and females, in Table 3, the median blood lead concert- f 
tralion in different sex, smoking, and drinking categories is presented. A dose- jj 
related increase in blood lead with increasing stated consumption of alcohol is * 
seen in most of the sex and smoking categories. j 

In order to further investigate the extent to which environmental and constitu- ? 
tional factors influence lead levels in blood, a multiregression analysis was carried [ ! 
out. Age in years, number of cigarettes smoked daily, average wine consumption, I- 
and hemoglobin concentration in blood were related to blood lead concentration. = 
The muitiregression statistical analysis was made on males and females sepa- L 
rately. The strongest and most highly significant relationship (P < 0.001) was found ii 
for wine consumption which accounted for 10.2 and It.5% of the total variation in { 
blood lead levels among males and females, respectively. Less strong relation- 
ships existed between age and smoking habits, which accounted for between i and 
5% of the total variation. A linear relationship between age and blood lead and 
between smoking habits and blood lead was only significant (P < 0.01) for ;] 
females, not for males (P > 0.05). Blood hemoglobin concentration had no relation j 
to blood lead. | 

Analyses of variance were also carried out (Table 4). This revealed that sex, | 
smoking habits, and alcohol consumption all had a significant impact on the over- a 


TABLE 3 

Median Bi.ood Leap Concentration (jug Pb/liler) in 
Relation to Alcohol Consumption (g/day) 




Alcohol consumption 


Smoking habits 

0 *= <5 

5 <10 

10 « < 15 

!5* 

Notwmokers 

Male 

62/(34)“ 

88/(16) 

95/(6) 

103413) 

Female 

56/(73) 

65/(14) 

80/(5) 

71/(2) 

Total 

58/(107) 

76/tfO) 

94/d n 

95/(15) 

Former smokers 

Male 

75/(23) 

68/(9) 

80/(12) 

!204t9) 

Female 

56/(37) 

76/(7) 

86/(3) 


Total 

64/(60) 

71/(16) 

83/(15) 

i mm 

Current smokers 

Male 

75/(26) 

94/(19) 

97/M9) 

!02/(30) 

Female 

63/(58) 

74/(20) 

95/113) 

- 102/(9) 

Total 

67/(84} 

79/(39) 

96/(32} 

102439) 

Total 

Male 

72/(83) 

884*4) 

93/(37) 

UM/(62) 

Female 

57/(170) 

73/(41) 

94/(21) 

92/(12) 

Total 

62/(253) 

76/(85) 

93/(58) 

102/(74) 


* Values are expressed as median valued number pf persons in the subgroup). 


all variability in blood lead concentrations, whereas the effecl Horn group (resi¬ 
dency) was less pronounced and not significant {P - 0.058). 

Cadmium 

Cadmium concentrations ranged from less than 0.1 to 7.7 /rg Cdfliter. There 
were 79 samples with cadmium concentrations below the detection limit which 
varied between 0.1 and 0.2 pg Cd/liter in different analytical runs. As the detec¬ 
tion limit was very low, this threshold value was used in the calculation of geo¬ 
metric means. The influence of smoking on blood cadmium concentrations was 


TABLE 4 

Analyses of Variance: Influence on Biood Lead and Blood Cadmium from 
liROUP, Sex, Smoking Habits, and Alcohol Consumption 


Dependent variable 




Lead 




Cadmium 


df 

Sum of squares 

F 

P 

df 

Sum of squares 

F 

P 

Total 

9 

116763 

14.7 

0.0001 

9 

222.1 

41,4 

0.0001 

Group 

3 

661! 

2,5 

0.0576 

3 

2.8 

1.6 

0,1908 

Sex 

| 

62155 

70.6 

0.0001 

1 

3.1 

5.2 

0.0226 

Stocking 

3 

23791) 

9.0 

0.0001 

3 

215.7 

120.8 

0.0001 

Alcohol 

2 

24206 

13.8 

0.0001 

2 

0.4 

0.4 

0.6970 


r 




Source: https://www.industrydocuments.ucsf.edu/docs/mxwk0001 
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0 Honsmoitn 

n Former rmokm 

II Smnfier* 



0.3 0.9 1.5 2.1 2.7 3.3 3-0 45 5.1 5.7 7.8 3 

B-Cd [pg/l> Males £ 

Frc. 7. Frequency distribution of different hlood cadmium concentrations f^g Cd/liter) among i 
nonsmokers, former smokers, and current smokers. Males. jj 


1 J—< I t? I 
) 66-6 


very pronounced. Figures 7 and 8 present the frequency distribution of dif¬ 
ferent blood cadmium concentrations in different smoking categories for males 
and females. Of the males who were current smokers, 91% had blood cadmium 
levels of or exceeding (1.6 fig Cd/liter, whereas 97% of the nonsmoking males had 
cadmium concentrations below 0.6 p.g Cd/liter. Likewise, 91% of female smokers 
had blood cadmium levels of 0.6 gig Cd/liter or more, and 87% of the nonsmoking 
females had less. Female nonsmokers tended to have slightly higher blood cadmi¬ 
um levels, a median of 0.3 fig Cd/liter, compared to a median of 0.2 fig Cd/liter for 
nonsmoking males. The geometric mean value of blood cadmium for nonsmoking ; 
males was 0.23 /tg Cd/liter with a geometric SD of 1.5, and for nonsmoking fe¬ 
males 0.30/tg Cd/lifer with a geometric SDof 1.6. Using Student's/test, these av- ' 
erages were shown lo be significantly different (P < 0.01). 

There was no strong correlation between age and cadmium in blood. Cadmium I 
levels in blood were dominated by the pronounced effect of smoking (Table 5). ! 


U Ncntmak«rs 
H former smokers 
■ Smokers 



0.3 0.9 1 S 2,1 2.7 3.3 19 4.5 S.1 5.7 7.8 1 [ 

B-Cd (pg/t) Femclei •] I 

Fia. S. Frequency distribution of different blood cadmium concentrations (pg Cd/titer) among !j ! 
non smokers, former smoker?, and current smokers. Females. ^ 
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Calculations for nonsmokers revealed a weak but significant correlation (P < 0.011 • 
between age and blood cadmium among females. The equation for the regression ] 
line was B-Cd (fig Cd/Iiter) = 0.13 fig Cd/Iiter + 4 x I0“ 3 x age in years (r = 0.34), % 
For males the corresponding line of regression was similar, but not significant (P | 
< 0.05). When the calculation included all nonsmokers, males and females, a 
significant correlation was again found between blood cadmium and age; B-Cd (fig J 
Cd/Iiter) = 0.17 4 - 3 x KT 3 x age in years (r = 0.24, n - 164, P < 0.01). 

It was shown that cadmium concentration in blood was related to the average 
number of cigarettes consumed by each current smoker. A highly significant 
correlation existed between blood cadmium and number of cigarettes smoked 
daily; B-Cd (fig Cd/liter) = 0.36 fig Cd/liter + cigarettes/day x 0.09 fig Cd/Iiter, (r 
= 0.74, n = 337, P < 0.001). Smoking one cigarette a day would thus correspond to 
an increase in the blood cadmium levels of about 0.1 fig Cd/liter. Figure 9 presents 
the median blood cadmium levels for males and females in different smoking 
categories. 

No differences in blood cadmium levels were found between the four groups, f 
Table 5 gives the median blood cadmium levels for different age and smoking i 
categories of the combined groups 1, 2, 3, and 4. Likewise alcohol consumption ) 
had no relation to blood cadmium levels. It is noteworthy that former smokers in I, 
all age groups had somewhat higher blood cadmium levels when compared to 
nonsmokers. A tnulliregression analysis, identical to the one used for lead, was 
also used to investigate to what extent different factors influenced blood cadmium 
concentration. This statistical approach revealed that smoking cigarettes was the 




3 


il 


Smoking Habili 

Pro. 9. Median blood cadmium levels (ftg Cd/liter) amonx males and females in different smoking 
categories. Vertical bars deoote the SO-pereenliles. NS = nonsmokers; PS = former smokers; C3, 

I- 10 = current smokers, smoking 1-10 cigarettes daily; CS. 11-20 = current smokers, smoking 

II- 20 cigarettes daily; CS, >20 = current smokers, smoking more than 20 cigarettes dally. 



only factor that was significantly (P < 0.001} related to blood cadmium levels. The 
influence on blood cadmium levels for age, wine consumption, and hemoglobin 
concentrations was minimal and not statistically significant (P > 0.05). Similar 
results were obtained when an analysis of variance was made (Table 3). 

DISCUSSION 

The present study provides data on the lead and cadmium concentration in 473 
blood samples obtained from a random sample of the Swedish population in 1980. 
A careful quality control program has been included and it should therefore be 
possible to compare the results with data obtained in similar studies where ana¬ 
lytical validity has been ensured. The blood lead levels found in Sweden are lower 
than those reported from other major cities in Europe (Berlin, 1982). For males 
living in 30 major cities of central Europe the median blood lead concentralions 
ranged from 100 to 210 fig Pb/liter, with a mean value of about i 40 1 'S Pb/liter. This 
should be compared to the present median value in Sweden of 86 jug Pb/liter. The 
corresponding range for the median blood lead levels among females living in 
central Europe was 80 to 160 fig Pb/liter. whereas a value of 63 fig Pb/liter was 
found for females in Sweden. In the UNEP/WHO monitoring program the median 
blood lead levels in 10 participating countries ranged from 60 to 250 /ig Pb/liter 
(Valuer, t982; Fribergand Vahter, 1983). The present results on blood lead levels in 
Sweden also compare well with previous reports from this country, although a formal 
quality control program was not included. Zetterlund el al. (1977) found a mean valueof 
87 /ig Pb/liter among 297 mothers who had recently given birth to children. Blix- 
Holmberg el al. (1979) analyzed a small volume of blood that was obtained by 
pricking a finger. The average blood lead concentration for 35 persons (males and 
females) living in the center of Stockholm was 64 fig Pb/liter and for 79 persons 
living in the suburbs of Stockholm the average lead concentration in blood was 71 
fig Pb/liter. Andersson et al. (1981) found an average of 87 fig Pb/liter among 66 
male workers nonoccupationally exposed to lead, and 60 fig Pb/lifer for 90 female 
workers. Even though these values appear to be lower than those found in other 
countries they are still higher than what has been reported from remote areas in 
Nepal (Piomellift al., 1980) and New Guinea (Poole el al., 1980). In these two less 
industrialized countries, mean blood lead levels were 30 to 50 fig Pb/liter. It should 
be mentioned that quality control was used in these two latter studies. 

Blood lead levels were significantly influenced by smoking and alcohol con¬ 
sumption. Current smokers on average had blood lead concentrations that were 5 
to 20 fig Pb/liter higher when compared to nonsmokers. The effect from stated 
alcohol consumption, as reported in a personal interview, was even mote pro¬ 
nounced than the effect from smoking. Even though the data available on alcohol 
consumption must be regarded as rather crude, highly significant correlations 
were found between stated alcohol consumption and blood lead. This finding is, 
however, not very surprising since recent data from Sweden indicate that lead 
intake from wine may be an important contributor to the daily oral exposure to 
this metal. The Swedish Wine and Spirit Monopoly has made measurements of 
lead in common brands of wine purchased in Sweden over a number of years. 



Source: https://www.industrydocuments.ucsf.edu/docs/mxwk0001 
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Concentrations of lead in wine, range from less than 10 to 500 jag/Uter, with an | the figure is very dose to y — y The tendency towards slightly higher values for 
overall average of 63 /tg/Iiter (Vin- och Spritcentrale.n, personal commiinica-l nonsmoking females, when compared to males is nevertheless of interest. Studies 
tion, 1982). This should he compared to an estimated daily intake of lead from J on the gastrointestinal absorption of cadmium given orally indicate (hat females, 
other food sources in Sweden, which is 20 to 50 ,ug Pb (Schtltz, 1979; Slorach el | as a result of their lower iron reserves, have a higher rate of absorption nf cadmium 
al., 1982). A daily consumption of 0.5 liters of wine could thus easily increase the J when compared to males (Flanagan ei al., 1978). If females in general have a 
daily intake of lead by a factor of 2. Spirits can also contain high concentrations of j i higher absorption rate of cadmium from food, one would also expect that this 
lead, especially if they' are illegally produced, e.g., "moonshine” (Gerhardt eta!., -I | should be reflected in their blood cadmium levels. The importance of possible 
1980). From France, it has been reported that patients suffering from alcoholism 1 I differences in food habits between males and females is, however, not known, 
and liver cirrhosis have markedly higher blood lead levels when compared with j | Among nonsmokers a significant relationship between age and blood cadmium 
normal subjects (Vives el al.. 1980). In this context it should also be mentioned I I was revealed. This is a reasonable finding in view of this metal's well-known 
that canned foodstuffs may occasionally contain high concentrations of lead. In | I tendency to accumulate in the human body with increasing age (Friberg el al., 
canned fruits and vegetables it was found that the lead concentration usually was 5 . 11974). 

to 30 times higher than the normal concentration in fresh food items. Certain ; j It is difficult to explain why smoking cigarettes gives rise to such a marked 
canned foodstuffs were found to have lead concentrations exceeding 1 mg Pb/kg ; if increase in blood cadmium levels. Smoking 20 cigarettes/day has been estimated 
(Jorhem and Slorach, 1979). A 100 g meal of such a product would thus substan- !' to result in inhalation of about 2 to 4 fig Cd. Assuming 25 to 509J- pulmonary 
dally increase the norma! intake of lead from food. Canned food, however, com- l absorption of this amount, smoking 20 cigarettes/day would result in a daily reten- 
prises only a minor portion of the food constituents in the normal Swedish diet. ^ tion of about ] to 2 /xg Cd (Friberg el al., 1974; Blinder el ill., 1983). Cadmium 
Possible influence on blood lead levels from the consumption of canned food has, ■ [■' intake from food in Sweden, as well as in the U.S., is of the order of 15 to 20 tig Cd 
however, not been investigated in this study. ; per day (KjetlstrOm, 1979). Assuming an average gastrointestinal absorption of 

Tn this study, age was not shown to have any strong influence on blood lead ' cadmium from food of 5% (Friberg el al., 1974) this would result in a daily reten- 
levels. In Stockholm, residency close to streets with heavy traffic appeared to : f lion of about 0.75 to 1 tig Cd, i.e., about half or the same amount as from smoking 
have only a slight effect, although this could not be proved statistically. It appears [ cigarettes. One would therefore not expect smokers to have cadmium concentra- 
from the present study that sex, smoking habits, and alcohol (or wine) consump-| lions in their blood which are several times higher, when compared to nonsmok- 
tion are factors of much greater importance than those of age and residency close ,1 I ers. In agreement witli the data on estimated daily retention of cadmium from diet 
to streets with heavy traffic. It was not within the scope of the present work to : p and from smoking, aulupsy studies have shown that smokers in general have 
compare an area will) heavy traffic with an area where people both live and work t about twice the cadmium content of nonsmokers in most of their tissues, i.e., 
free from the influence of significant motor traffic. Ther efore, the data presented : jj, kidney cortex, liver, pancreas, and muscle (KjellstiOtn. 1979; Vahler, 1982; Friberg and 
in this report should not be regarded as totally conclusive concerning tfie possible " I Valuer, 1983). In the present study, former smokers were also found to have about 
effects from atmospheric lead on blood lead levels, especially since experimental ; twice the cadmium concentration in blood when compared to nonsmokeis. Current 
and epidemiological studies indicate that a lead concentration in air of about I fug j smokers (males and females combined) had a median cadmium level of 1.4 ftg Cd/liter, 
Pb/tn 3 could well increase blood levels by 10 to 20 fi g Pb/liter (Chamberlain et al ., . ' which is much higher than the median value found for nonsmokers of 0.2 JJ-C Cd/litcr. 

1975, 1978; Hammond el al., 1981). [i Some current smokers in this study had 20 to 25 limes higher blood cadmium concen- 

With regard to cadmium, a pronounced effect from smoking was first re cog- I (rations when compared to nonsmokers. Even though the low cadmium levels found 
nixed by Ulander and Axelson (1974). This has later been confirmed in a series of I in nonsmokers need to be confirmed, it still seems motivated to suggest that a 
studies, summarized by Vahter (1982). In the present work, a linear relationship | certain amount of cadmium exposure from inhalation offttmes will result in a more pro 
between the number of cigarettes consumed daily and blood cadmium level was [ nounced increase in the whole blood cadmium concentration, compared to when 
found. On an average, smoking one cigarette daily would give rise to an increase ► an identical amount of cadmium has been absorbed from the gastrointestinal tract, 
in the blood cadmium concentration of approximately 0.1 ng Cd/liter. | Most of the blood coming from the gastrointestinal tract is directed into the liver 

The blood cadmium levels of nonsmokers are lower than those reported from , £ before it enters the systemic circulation. It seems likely that the liver will metabo- 
several other countries (Vahter, 1982; Friberg and Vahter, 1983). The median value of | tize and incorporate cadmium into one or several forms of proteins more efficiently 
0.2 and 0.3 jxg Cd/liter for males and females, respectively. are very close tn the detec- | when cadmium has been absorbed from the gut, compared to cadmium directly 
tion limit of theanalyfica! method used. Since itis always difficult to analyze accurately | entering the systemic circulation from the lungs. It would he of interest to investi- 

at concentrations close to the detection limit, these figures had to be evaluated • 1 gale to which compartments cadmium is normally bound in blood. It is possible 

with great caution. Figure 2, however, indicates that the analytical results should „ [ that one portion of the cadmium in blood is related to body burden or oral expo- 

be valid also at very low levels of cadmium in blood, since the regression line in, I sure, and that another portion is related to recent exposure via the lungs. Better 



Source: https://www.industrydocuments.ucsf.edu/docs/mxwk0001 
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ji 

knowledge about what blood cadmium really reflects, i.c., body burden, oral | 
exposure or pulmonary exposure or a combination of these three, would be of| 
interest and is also important for the assessment of risks from industrial exposure, j 
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